Background {#Sec1}
==========

Colombia, like all countries in the Americas, has experienced changes in food consumption patterns that occur in a context of economic growth but have profound social and economic inequalities \[[@CR1]--[@CR3]\]. In middle- and low-income countries, the incidence of overweight in children and adults has increased steadily over the past 20 years, and health-related nutritional influences (or nutritional transitions) are ongoing \[[@CR4]--[@CR9]\]. The probable causes of this phenomenon, which, in turn, leads to an increase in chronic diseases, are located from the individual to the ecological level \[[@CR10]\].

The causes of the increase in weight throughout the population include physical inactivity, the food environment, food availability, unbalanced food consumption, poverty, inequality, food insecurity, low parental education levels, and other variables, including cultural variables, and their effects are difficult to isolate \[[@CR11], [@CR12]\]. The regulation of sweetened beverages (SB), including sugar-sweetened beverages (SSB), has been the subject of public policy \[[@CR13], [@CR14]\]. Some countries, including some in the Americas, have incorporated a tax on SSB consumption, whereas in other countries, such as Colombia, there are ongoing debates surrounding taxation \[[@CR14]--[@CR16]\].

There is scarce literature describing the economic inequalities in SSB consumption specifically and in the consumption of SB in general. Studies of SSB and SB consumption disparities have been conducted in developed countries, where nutritional and food transitions are extreme, and have centered on the differences among individuals in terms of income level, sex, and race \[[@CR17], [@CR18]\]. In Latin America, the closest approximations of economic inequality have been made to evaluate the impact of taxes on the consumption of SSB \[[@CR19]\]. This study presents a distinct perspective; it was conducted in a middle-income developing country where nutritional and food transitions are ongoing and was performed at the ecological level, in the classical epidemiological sense, to examine the relationship between SB consumption and monetary poverty (%). In addition, the measurement challenges involved in establishing public policies, including those related to consumption taxes, are discussed. Given that the analysis of inequalities often concentrates on the socioeconomic dimension, this analysis should be considered in terms of "economic disparities in nutrition" \[[@CR20]--[@CR24]\]. The question that this study aims to answer is whether, at the ecological level, there are economic inequalities in the consumption of SB by age and sex. The hypothesis is that at least in theory, disadvantages and inequalities exist for women and children and for the poorest groups, and these should be reflected in the consumption of SB \[[@CR13]--[@CR19]\].

Methods {#Sec2}
=======

This study is classified as ecological and is based on data from the National Nutrition Situation Survey (ENSIN) in 2010 \[[@CR25]\] and on monetary poverty (%) in 33 geodemographic units of Colombia. The level of analysis is ecological since the variables studied were individual measurements that were then aggregated to represent the unit of analysis, which is the geodemographic unit.

Study population {#Sec3}
----------------

In ENSIN-2010, participants were selected through multi-stage stratified sampling to represent 99% of the country's population. All municipalities of the 32 departments and the capital of the country (geodemographic units) were grouped into strata with similar sociodemographic characteristics. The survey included 50,670 households, in which 10,187 subjects aged 5 to 17 years and 7327 subjects aged 18 to 64 years completed a Food Frequency Questionnaire (FFQ). Based on the questionnaire responses, the consumption of SB was estimated for each of the 33 geodemographic units.

Sample (n) {#Sec4}
----------

The SB intake of 17,514 subjects in 33 geodemographic units was summarized.

Information sources {#Sec5}
-------------------

For this analysis, we studied a nutritional variable, SB consumption, in subjects of both sexes between 5 and 64 years of age in relation to an economic type, monetary poverty (%). The information on monetary poverty (%) was estimated and reported by the National Administrative Department of Statistics (DANE) for each geodemographic unit in 2011 (the closest year to the ENSIN-2010 data) \[[@CR26]\]. Nine of the 33 geodemographic units did not have information regarding their monetary poverty and were excluded from some calculations. Data on the size of the population size between 5 and 64 years of age by sex in the geodemographic units were obtained from population and birth projections by area and sex for the year 2010; this information is reported by the DANE and is available on its website.

Variables studied {#Sec6}
-----------------

### Measurement of consumption: prevalence and frequency of SB consumption {#Sec7}

In Colombia, ENSINs have been carried out since 2005. Every five years, these surveys study the state of nutrition through anthropometric and biochemical measurements. For the ENSIN-2010, an FFQ was used to study the food and nutrition practices of interest to public health. The checklist of foods, food groups and practices was designed by nutritionists based on the food consumption and nutrition problems identified in the ENSIN-2005. The response section was adapted from two successful reproducibility and validity studies of FFQs used in the Colombian population \[[@CR27], [@CR28]\]. Before the FFQ used in the ENSIN-2010 was approved, the facial validity of all its items was guaranteed by applying and adjusting the items in successive pilot tests in the field.

The ENSIN-2010 estimated the frequency of consumption of 30 foods or food groups and three related practices based on an FFQ that offered 10 response categories indicating consumption/practices in the previous month. The applied FFQ did not differentiate the consumption of SSB or SB; it included both in the same item. In this study, the item "*In a typical month, how often do you consume SB (boxed, powdered, bottled)*" was analyzed through two expressions of consumption: the prevalence (yes/no) and frequency (number of occasions per day that SB were consumed: frequency/day or times/day). The frequency responses in the FFQ were converted into a continuous variable (times/day) using appropriate dividers to express the frequency of consumption in units of "times/day" \[[@CR25]\]. The prevalence (%) and frequency/day was calculated for each of the geodemographic units for men and women between 5 and 64 years of age, except for pregnant women and subjects who were following diets prescribed by nutritionists or general physicians. The FFQ was administered in the subjects' homes by nutritionist-dietitians through direct interview. The respondent's privacy was guaranteed throughout the interview. The nutritionists were trained in the interview methods and in applying the FFQ for one month. All the interviews were followed the same procedures, which were standardized and guaranteed in the training. When the FFQ was administered to children between 5 and 11 years of age, their mothers or caregivers responded. The Colombian Institute of Family Welfare (ICBF) obtained informed consent from the participants prior to enrollment.

### Statistical analysis {#Sec8}

The analysis aimed to identify inequality in SB consumption (prevalence and frequency/day) using monetary poverty (%) as the economic variable \[[@CR28]\]. The variables were described using averages (based on the median values) or proportions with their respective 95% confidence intervals (95% CI). To establish whether there were differences in consumption by sex, the chi-squared test and t-tests for the equality of means (at the 95% level) were used. Ratio-based inequality indices, disparity, disproportionality, regression models, and entropy were calculated using Epidat, version 4.2 \[[@CR29]\]. Calculations to establish the prevalence and frequency of consumption incorporated the sample design and were performed using Stata version 14 software (Stata Corporation, College Station, TX, USA) \[[@CR30]\] and the original databases that generated the official ENSIN-2010 report \[[@CR25]\]. The databases were provided by the ICBF, which is responsible for the ENSIN in Colombia.

### Calculated inequality indices {#Sec9}

Details regarding the theoretical and mathematical concepts that underlie the inequality index calculation, such as its scope and limitations, can be found in the Epidat version 4.2 help module \[[@CR29]\] and many other specialized and easily accessible texts \[[@CR21], [@CR29], [@CR31]\].

Institutional review board {#Sec10}
--------------------------

The authors declare that all procedures that contributed to this work comply with the ethical standards of the Declaration of Helsinki, revised in 2008. The research ethics committee of the National Institute of Health of Colombia approved the survey protocol, and all participants provided informed consent. The health research ethics committee of the Universidad Industrial de Santander states that anonymized data analyses are exempt from review.

Results {#Sec11}
=======

Poverty in Bogotá, the capital of Colombia, was 13.1%; in Chocó, located on the Pacific coast, it was 64.0%. The average rate of monetary poverty for the country at the time of ENSIN-2010 was 41.5% (95% CI, 35.7 to 47.4). The mean prevalence of SB consumption among children aged 5 to 17 years was 88.5% (95% CI, 85.8 to 91.3); among girls, it was 87.1% (95% CI, 84.0 to 90.2), *p* = 0.271. In adult men between 18 and 64 years of age, the mean prevalence of consumption was 79.2% (95% CI, 75.7 to 82.8); in women, it was 70.7% (95% CI, 66.0 to 75.4), *p* \< 0.0001. In children, the average median frequency of consumption in times/day was 0.35 (95% CI, 0.27-0.42); among girls, it was 0.40 (95% CI, 0.33 to 0.46), *p* = 0.187. In adult males, the mean frequency of consumption was 0.30 (95% CI, 0.24 to 0.35); among women, it was 0.20 (95% CI, 0.16 to 0.24), *p* \< 0.002. The prevalence and the median frequency/day per geodemographic unit, age group and sex are presented in a table (Additional file [1](#MOESM1){ref-type="media"}). For all age groups and both sexes, the Spearman correlation (rs) of the mean prevalence and the average median SB consumption was high, ranging from 0.35 (adult females) to 0.68 (adult males).

Rank-based inequality {#Sec12}
---------------------

The indices based on the ranges calculated here are a group of indicators based either on the relationship of the nutrition indicator to the extreme groups of a population hierarchy ordered according to a socioeconomic indicator or on the same nutrition indicator. The highest ratio was for 6 times/day in adult females, and the lowest rate ratio was 0.57 times/day in children. For both children and adults, regardless of gender, the mean prevalence and times/day for the country were lower than those estimated in geodemographic unit with lower monetary poverty. Consequently, negative values in the population are reported as absolute and relative attributable prevalences (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}). In absolute terms, between 40% and 56% of the differences in SB consumption between geodemographic units in Colombia can be attributed to poverty conditions.Table 1Indices of inequality of SB consumption in children 5-17 years of age based on monetary poverty. Colombia, ensin-2010^a^Ordered by socioeconomic variable^b^MaleFemalePrevalence^c^Times/day^d^Prevalence^c^Times/day^d^Based on ranges. *n* = 24^e^ Reason for extreme rates1.010.571.021.00 Difference of extreme rates0.50−0.231.700.00 Prevalence attributable to population−5.23−0.20−4.30−0.16 Prevalence attributable to population (%)−5.93−56.39−4.85−40.84Based on disparity or dispersion. *n* = 33 Pearcy-Keppel0.421.320.271.64 Pearcy-Keppel (Adjusted ~A~)26.480.2020.190.24 Variance between groups (VEG)43.500.0359.520.02 Variance between groups (VEG~A~)0.490.070.670.06Based on disproportionality and concentration. *n* = 24 Gini0.040.240.050.21 Concentration0.020.100.010.08Based on regression models. *n* = 24 Coefficient β−0.07−0.000.03−0.00 Coefficient of determination0.130.010.030.00 Inequality of slope8.850.225.670.18 Inequality of Pamuk or relative0.100.630.060.48 Inequality of Kunst and Mackenbach1.101.451.061.39 Dimensional inequality0.910.540.940.64Based on the concept of entropy. *n* = 33 Kullback-Liebler (Z)0.000.100.000.08 Hoover or dissimilitudes (Z)0.030.090.040.08 Theil (Z)0.000.030.000.02^a^Based on a Food Frequency Questionnaire, applied in the National Nutrition Survey in Colombia, 2010 (ENSIN-2010)^b^For all calculations, the direction of the economic and health variable was negative^c^Based on the average prevalence of consumption (%)^d^Based on the median frequency of consumption (times/day)^e^*n* is 24 when the monetary poverty data, which are not available for nine geodemographic units, are necessary for the calculation of the indexTable 2indices of inequality of SB consumption in adults between 18 and 64 years of age based on monetary poverty. Colombia, ensin-2010^a^Ordered by socioeconomic variable^b^MaleFemalePrevalence^c^Times/day^d^Prevalence^c^Times/day^d^Based on ranges. *n* = 24^e^ Reason for extreme rates1.061.261.266.00 Difference of extreme rates4.530.1117.160.45 Prevalence attributable to population−3.44−0.131.69−0.07 Prevalence attributable to population (%)−4.39−44.002.4945.28Based on disparity or dispersion. *n* = 33 Pearcy-Keppel0.572.290.661.23 Pearcy-Keppel (Adjusted ~A~)28.020.2125.340.08 Variance between groups (VEG)60.140.02105.350.01 Variance between groups (VEG~A~)0.770.051.550.05Based on disproportionality and concentration. *n* = 24 Gini0.050.220.080.25 Concentration0.010.12−0.01−0.05Based on regression models. *n* = 24 Coefficient β0.12−0.000.240.00 Coefficient of determination0.000.000.020.11 Inequality of slope3.230.22−3.16−0.05 Inequality of Pamuk or relative0.040.730.050.28 Inequality of Kunst and Mackenbach1.041.531.051.33 Dimensional inequality3.230.491.041.29Based on the concept of entropy. *n* = 33 Kullback-Liebler (Z)0.010.090.010.11 Hoover or dissimilitudes (Z)0.040.150.060.17 Theil (Z)0.010.080.010.11^a^Based on a Food Frequency Questionnaire, applied in the National Nutrition Survey in Colombia, 2010 (ENSIN-2010)^b^For all calculations, the direction of the economic and health variable was negative^c^Based on the average prevalence of consumption (%)^d^Based on the median frequency of consumption (times/day)^e^*n* is 24 when the monetary poverty data, which are not available for nine geodemographic units, are necessary for the calculation of the index

Inequality based on disproportionality and concentration {#Sec13}
--------------------------------------------------------

The Gini coefficient is perhaps the best-known measure of inequality. It has values between 0 and 1. In this context, zero would indicate that SBs were consumed at all monetary poverty levels, that is, equality; in contrast, a value of 1 would represent a situation of perfect inequality, in which SBs were consumed only by people at the poverty level. Values less than 0.30 are considered high or almost perfect equality. The Gini coefficient and the concentration coefficient show that SB consumption inequality was low, with a prevalence ranging from 0.01 in minors to 0.08 in adults. The averages of the median frequency ranged from 0.08 in minors to 0.25 in adults (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}). When the concentration indices and regression-based indices were plotted, there were relatively flat lines between poverty, mean prevalence, and the average median frequency of times/day of consumption (Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}).Fig. 1Consumption of sweetened beverages in males according to age and monetary poverty in the geodemographic units of Colombia, 2011. Relationship between monetary poverty and the two studied variables in the 33 geodemographic units in Colombia; the prevalence (%) and the average frequency (times/day) of consumption of sweetened beveragesFig. 2Consumption of sweetened beverages in females according to age and monetary poverty in the geodemographic units of Colombia, 2011. Relationship between monetary poverty and the two studied variables in the 33 geodemographic units in Colombia; the prevalence (%) and the average frequency (times/day) of consumption of sweetened beverages

Inequality based on regression models {#Sec14}
-------------------------------------

In minors, it was demonstrated that as poverty increases in the geodemographic units, the average prevalence of consumption decreases between 7% and 0%. The relationship between consumption frequency and monetary poverty is non-existent. In adults, the behavior is similar. The inequality indices based on the concepts of entropy and disparities are presented in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}.

Inequality based on the concept of entropy {#Sec15}
------------------------------------------

For this set of indices, values of zero (Z) indicate that there is no inequality. In this case, there is a perfect distribution of SB consumption. The values ranged from 0.01 to 0.17 (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}).

Discussion {#Sec16}
==========

Research on inequalities in health and, in this case, nutrition starts from an assumption that the most vulnerable - the poor, the displaced, or those belonging to minority groups - are disadvantaged and have lower health or nutrition conditions relative to the less disadvantaged \[[@CR21]--[@CR24], [@CR29], [@CR31], [@CR32]\]. While this is generally true, it is not always the case in Colombia when nutritional variables are studied. When the gaps in prevalence and frequency/day of extreme consumption are compared, the absolute and relative inequality results based on ranges clearly show results consistent with the theoretical expectations for both age and sex: higher SB consumption was observed in the poorest geodemographic units. However, the absolute and relative population-attributable risks for frequency/day in male children (Table [1](#Tab1){ref-type="table"}) and the prevalence for adult females (Table [2](#Tab2){ref-type="table"}) indicate that in the richest geodemographic units, consumption was higher than the population mean, contrary to theoretical expectations. Rank-based indices are the most commonly used approaches in studies examining the inequality of health and nutrition variables \[[@CR21], [@CR29]\]. However, they have limitations; namely, they assess differences between extreme rates, but they do not describe what happens to the inequality in geodemographic units between the extreme ranges. Another limitation is that only weighted indices consider the size of the population within the geodemographic units \[[@CR21], [@CR29]\].

In addition, as reported here, the results based on the indices of disparity, concentration, regression models and entropy show how the prevalence and average frequency of SB consumption is slightly higher in the population with a higher monetary income or, in the best case, show no inequality according to the level of monetary poverty in the geodemographic units. Another indirect examination of the inequality of SB consumption in the Colombian population also showed that there is no inequality in the classical sense; this finding was related to the pattern of snack food consumption \[[@CR32]\]. The main measures taken to reduce the consumption of sugary drinks have focuses on SB, for example, by limiting bottle sizes \[[@CR33]\] or regulating or even prohibiting the sale of SB at school stores to make consumption difficult \[[@CR14]--[@CR16]\]. SB consumption taxes are justified by the excess weight of the population and its role in health events associated with chronic disease \[[@CR6], [@CR34], [@CR35]\]. Economic inequality in SB consumption is an additional and useful aspect of discussions related to taxes on consumption \[[@CR22]--[@CR24]\]. In Colombia, where there is no evident economic inequality in SB consumption and where two brands control the market \[[@CR36]\], the price-demand relationship for one of the brands was relatively inelastic during the 2002-2007 period, but since 2008, the price-demand relationship became elastic due to a price war related to the introduction of a new brand; this phenomenon was also observed in Peru, where it led to a situation in which an increase in income or a decrease in the cost of SB increased consumption \[[@CR37]\]. This leads to new challenges in studying inequality in SB consumption because if inequality can be linked to a brand, brand loyalty or even a type of sweetener, then the inequality would be dynamic and at least in theory, it would be possible to establish a relationship between inequality in SB consumption and the price-demand elasticity of these characteristics. Although the inequality demonstrated here is low, a change in market strategies, price policies, bottle size or general inequality in Colombia, which is a vast country and one of the largest on the continent \[[@CR3]\], can change the result when this exercise is repeated to consider SB consumption.

Research on inequalities in nutritional variables is scarce, particularly in the case of SB consumption, which makes it difficult to compare these results. Inequalities in SB consumption due to gender, ethnicity, or parental education may be related to socioeconomic and cultural status \[[@CR20], [@CR35]\]. No gender difference in consumption was observed here (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}), and by design, it is only possible to make inferences regarding the economic inequality income proxy.

Limitations of the study {#Sec17}
------------------------

Several aspects that warrant special care in analyzing these results are related to the measurement of SB consumption: a) the FFQ used in ENSIN-2010 did not specifically ask about the type of beverage consumed, the brand, or the type of sweetener used. In Colombia, according to industry and Euromonitor International data, the market for sugar-free and artificially sweetened beverages is growing rapidly; it reached 30% of the market share in 2014; b) The manner in which "soft drink and soda" consumption was measured did not differentiate between carbonated and uncarbonated soft drinks; and c) FFQs are simplified methods that can lead to memory bias and dilution of the association by reverse causality \[[@CR38]\]. All these factors are limitations in the measurement of exposure and pose challenges for future ENSINs and other studies that attempt to measure SB consumption. These limitations can be overcome by a) including specific modules for the study of SB consumption in the surveys: These modules should incorporate the types of products through which the industry adapts to social pressure from increasingly informed consumers, including sugary drinks as well as sugar-free/artificially sweetened/flavored drinks, etc.; b) establishing better classifications for SB and SSB by incorporating additional characteristics, such as whether they include added nutritional components, such as fiber or micronutrients, and whether they are artificial or mixed with natural juices; and c) improving the discriminant capacity of the items in FFQ checklists and, when the studies are based on 24-h dietary recall, improving the description and coding of these foods.

The characterization of SB consumption by sex and age group in the geodemographic units of Colombia raised some methodological challenges for future measurements. This study established that in Colombia, there is no economic, age or sex inequality in SB consumption among geodemographic units. An understanding of SB consumption as an expression of the current stage of nutritional and food transitions is necessary to ensure that public policies and preventive practices are coherent.

Conclusions {#Sec18}
===========

In conclusion, in Colombia, there is no inequality in the consumption of SB. The study of inequalities in nutritional variables (in this case, the consumption of SB), indicates that the poorest members of the population are not always those with the greatest nutritional risk. Discussions regarding the appropriateness of consumption taxes must consider the following questions: Who consumes the most SB, and who will pay the taxes: the rich or the poor? The imposition of taxes on SB consumption in societies where most of the population is poor and where there is no evidence of inequality in consumption can be regressive. The study of the consumption of SB should incorporate greater specificity, since the speed at which the industry changes the presentation and components of SB make consumption difficult to measure. A high prevalence of consumption does not necessarily mean a high frequency of consumption; when studying SB, it is necessary to have a complete picture, including the prevalence and frequency of consumption and the quantity consumed. The results of this research, which was based on population surveys and included both children (5-17 years) and adults (18-64 years), will provide scientific evidence allowing decision makers to supplement available information on SB consumption, to assess the relevance of their policies and to evaluate the results of these policies as these data provide a baseline against which to evaluate the impact of measures and interventions. It is necessary to address the methodological challenges of measuring SB consumption amid the nutritional and food transition that is evident in Latin America and in middle-income countries such as Colombia.

Finally, the finding that there is no economic inequality in SB consumption by age or sex exemplifies the different dynamics involved in diet. In developing countries, inequalities in dietary consumption do not always exist; their presence depends on the food studied and the social and economic context, which are summarized here in terms of geography.

Additional file {#Sec19}
===============

Additional file 1: Table S1.Contains the data on the prevalence of consumption and the median frequency (times / day) of the consumption of sweetened beverages by age group and sex in each geodemographic unit studied. (DOCX 20 kb)
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